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IC Abstruu 

TbJs reijoi't in-esunts mcchsiniciil ami lliynaal lU’opeily values of crystalline eeslmn Iodide doped with 
sodium and tlialliuni that can be used for tlie desti;n and fabrication of IIIbIi IJnei-By Astronomical Observatory 
flllSAO) e-sperimciits. AUlmui’li nominal values of the physical properties of uiuloped cesium iodide are 
available in Ihe open literature, systenuille testlnj; of (loped eesium iodide, had not been ibne previousl/. 
Sodium doped eesium iodide ims been thorounidy invesUiiated as a seintlllator only reeently, a*, i nigiit 
experiments have used relatively small eryslals eominired to II KAO re(|Ulremej'^s. Cesium iodide has a 
high density (and tluis better stopping pow-er) and less senslUvIly to moisture eomiiared to sodium iodide; 
other sclnttllatlng materials tluit eouUI be used to detect and measure higli eiier©' radiation liavo additional 
disadvantages. The widespread use oi eesium iodide In II KAO experimeiils and our laek of knowledge of 
physieai properties jiisUtied a testing (irognim to liuesLlgale the eharaeteristies and variations of lids 
material. 


Fewer than six companies In the world manufacture the high (luallty cryslallinc cesium iodide 
reipilred lor high energy eosnde radiulion experiments. The two major sU])pllers of eesium iodide in lids 
country, llarshaw- Chendcnl Company of Cleveland, Ohio, and Isotopes, Ine. , of Westwood, New Jersey, 
were Seleeled to provide us with representative samples for our testing. Young's modulus, bulk nmdidus, 
slicar modulus, and Poisson's ratio wore obtained from uUrasoide measurements. Young's modulus and 
the samples' elastic and piasLIe beliavior were also measured under tension and eompresslon. Thermal 
expansion and ihermal eonduetiv ly were llio temperature dependent measurements that were made. 
Although aver.'igc values can be selected for eacli of lliese measurements, the varintlon In tliese values with 
dopant material and location witidn a larger crystal was considered etlually liiiijr'i tanl. 
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TECHNICAL MEMORANDUM X-G489B 


PHYSICAL PROPERTY MEASUREMENTS OF 
DOPED CESIUM lOD IDE CRYSTALS 

INTRODUCTION 


The plan to tost coslum iodide doped with sodium, CsI(Na), and oesiiim 
iodide doped with thallium, Csl(Tl) , was initiated in June 1971, Harshaw 
Chemical Company prepared a list of mechanical, thermal, and optical prop- 
erties (Table l) which they considered were not well known. Discussions were 
held witii the principal investigators of the iligli Energy Astronomical Observato..y 
(HEAO), and it was agreed that the meciianical properties were insufficiently 
known to design any large crystal experiment, sucli as the 91.44 cm (Bti in. ) 
diameter crystal of EGRET and the thin slabs of similar dimensions planned for 
HECRE. The thermal e.s|)ansion coefficient was Imown to be large, but the 
measurements would need to be repeated for both dopants. The optical testing 
suggested by Harsiiaw would not bo done because any significant optical efficiency 
test would have to consider tlie source of scintillation, crystal configuration, and 
crystal pacliaging. Tliese measurements were considered the responsibility of 
each principal investigator. 


The criteria for specifying crystal samples for testing considered the 
nature of the manufactured crystal ingot, required processing for the HEAO 
experiments, and testing capabilities of available equipment. The Bridgeman 
crystal growth method is used by both Harshaw and Isotopes to grow crystals up 
to 91.44 cm (;iG in.) in diameter, This method produces crystals known to vary 
in dopant concentration from the upper part of tlie crysl;al to the bottom because 
of the varying distribution of the dopant in the melt during solidification. Samples 
were requested to be cut from the upper and lower portions of the crystal con- 
sistent with the high and low dopant requirements specified by the principal 
Investigator. The shallow' angle of the crystal growth crucible tends to produce 
multiple crystals rather than one large single crystal, so variations in physical 
properties are also expected from the Center to the outside of the crystal. 
Therefore, crystal samples were requested to be cut parallel to the major axis 
of the crystal as well as parallel to the other axes. Cylindrical symmetry w-as 
expected, therefore precise specification of the orthogonal a.xes w’as not required. 



TESTING PROGRAM AND RESULTS 


All measurGinents on tlio crystal samples were eontlucted In rooms witli 
the temperature anti humidity controlled. The relative humidity In all testing 
areas was below 50 percent for most of the testing. The samples from Harshaw 
were delivorod with desiccant containers and double plastic bags to ensure dry 
storage conditions. The samples from Isotopes were not packed with desiccant, 
but surface degradation was not noticed with any of the samples before testing 
was completed. 

Both Harshaw and Isotopes provided sainplcs according to Table 2 with 
each sample labeled according to the scheme: CYT signifies a sample cut from 
the Central part of the Thallium doped crystal along the Y-axls, Each company 
cut the samples from ingots approximately 45, 72 cm (18 in,) in diameter and 
35.56 cm (14 in.) deep. Large rectangular pieces were also ordered, 25.4 cm 
(10 in. ) square and 1.27 cm (O. 5 in. ) thick, and subsequently sent to Goddard 
Space E'light Center for analysis of optical efficiency and packaging techniques. 
Harshaw developed a restructured form of cesium iodide during 1971 named 
Polyscin II, and specimens of sodium doped Polyscin II were received for testing. 
Since Polyscin II is produced by a different technique, the labeling TY denotes a 
sample from the Trailing part of the ingot, cut along the Y-axis. 

Samples were delegated to two nondestructive testing techniques to 
acquaint personnel with the nature of the material before destructive measure- 
ments under tension and compression were begun. Some representative samples 
of each size were not tested so that unplanned tests could still be conducted at a 
later date. 

The floating beam resonant technique and the ultrasonic velocity measure- 
ment technique were used to determine the elastic properties of cesium iodide. 
The resonant or dynamic method of measuring the elastic modulus suspends a 
imiform rod at its nodal points on adjustable cross wires, Mechanical vibration 
is transmitted to the rod from a piezoelectric transducer by means of a fine 
coupling wire. A similar system receives the mechanical vibration from the 
specimen. This received signal increases sharply in amplitude as an oscillator 
is adjusted to match the resonant frequency of the specimen. The transverse 
mode of vilu-ation is more precise and was selected for making these measure- 
ments. The 0. 95 cm (0.375 in. ) diameter round samples were used for these 
tests, and the formulas used to derive the pertinent moduli are listed in Table 3. 
The Young's modulus values obtained by this technique are tabulated as Table 4. 


2 


Loiigltutllmil and shear wave ultrasonic velc'itty measurements were made 
on the 2.51 cm (l In.) diameter round samples. This was accomplished bj' 
adjusting a calibrated acoustic path length through distilled water until sound 
propagation times through tlie sample and the water were equal. Knowledge of 
the path lengths Involved and the velocity of soimd In water allows the velocities 
to be determined. This technique was used to furtlier substantiate the Young's 
inodulus values of q'ablc 1 and to give accurate determinations of the bulk 
modulus, shear modulus and Poisson ratio as shown In Table 5. 



the load at a constant rate of displacement. Measurements in tension were made 
by clamping the 10. IG cm (4 In. ) long samples securely over a 2. 54-cm (l-in. ) 
length at each end. Strain measur'* .icnts were made with bonded resistance 
strain gauges. The displacement of the clamps [ 0. 005 cm/min (O. 002 in. /min) 
for all measurements] and the load applied were measured simultaneously to 
give the required stress/strain curves. 

Establishment of a reliable testing procedure for tension and compression 
measurements was complicated by the ductile nature of cesium iodide. Strain 
gauges and a slow displacement under load were required to give the elastic 
portion of the stress/strain curve. The early measurements under tension using 
linear voltage differential transources did not give reliable Young's modulus 
values but the proportional limit and ultimate strength were obtained for a 
representative group of samples, as shown In Table G. 

The design engineers of the HEAO experiments using cesium iodide 
requested increased emphasis on testing under compressive loads since these 
measurements would influence their designs. The compression tests were done 
with 1. 27 cm ( 0. 5 in. ) round and sqiuire samples cut 5. OB cm { 2 in. ) long. 

Table 7 summarizes the data and gives the distance each 5.08-cm (2-in.) sample 
was compressed before tlie test was stopped. The Yoimg's modulus, Y, and 
the proportional limit, P, vary considerably and representative curves have 
been retraced from the original data as Figures 1 through G to lielp interpret 
the results in Table 7. 

Thei'mal conductivity and thermal expansion measurements were 
requested because of the sensitivity of cesium iodide to temperature excursions. 
Thermal conductivity measurements at three different tempei'atures siiowcd 
little variation for either Csl(Na) or Csl(Tl). Only two samples of each species 
were tested because of t!\e noncriticality of this parameter. The thermal 
expansion coefficient of both materials was detexanlned with a quartz tube 


<liUitometci*. Mciisui’unients of the thermal expansion eoefndent made at 11“C 
(20*’ F) intervals from -18' C to IdU' C (O'-’ F to 20(FF) Were linear within ±5 
percent. Thu apparatus measured the change In length over the temperature 
Interval under consideration witii an accuracy of ±2 percent. Tlie thermal prop 
ertles of doped cesium Iodide are summarized in Table 8. 


The creep of dllTercnt crystal samples under both tensile and compressive 
loads Is now being measured under losthermal conditions. Previous measure- 
ments of creep have x’equired sensitivities In the range of 25.4“® cm (10"® in. ) 
which is the distance the 0. 08-cm {2- in. ) samples expand over a temperature 
interval of 0. 1'-C (o.l8 F). Sensitive and long time Interval measurements of 
creep liave begun and will bo reported when availaljle. 


DISCUSSION OF RESULTS 


The three tocliiiiciuos used to determine Yoimg's modulus of doped cesium 
iodide {fioating beam resonance, ultrasonic velocity and compressive yield) give 
an average value of 13. 9 x 10*® dynes/cm" { 2 x 10*^ psi) , which is almost three 
times higher than the previously published value of 5.3 x lo'** dynes/cm** 

{ 7. 7 x 10® psi) for untloped cesium iodide. Additional samples of undoped cesium 
iodide were measured (Talule 4) but the error cannot be attributed to the presence 
of the dopant. Sufficient duplication of the measurements and techniques occurred 
to substantiate the average Young's modulus given in this report. 

The bulk modulus averaged 11. 73 > 10*® dynos/cm^ (1. 7 x 10*' psi), W'hich 
is close to the published Value of 12.42 < lo'*^ dyncs/cm^ (l. 8 x 10‘* psi) . The 
shear modulus averaged ( 3 . 0 x lo"’ di'nes/cm** (l.O x 10*’ psi), which is close to 
the published value of 0. 21 x 10*® dynes/cm" i 0. 90 x 10® psi). Poisson's ratio 
has not been previously reported, and its average value was determined to be 
0 . 20 . 


The compression test measurements are widely divergent. Tlieir 
variation can be attiibuted to the crystalline character of the cesiimi iodide and 
the presence of grain boundaries, slip planes, and faults inlieren'. in any grow'ii 
crystal of large size. Although the variation in property valuei=f is not 
unexpected, the low’ proportional limit of some of the samples is cause for 
concern. Portions of anj’ grown cri’stai that yield readily under compressive 
loads w'lll have to be planned in any design, since it would be difficult to analyze 
the large crystal configurations on IIEAO for the location and extent of slip 
planes, crystal boundaries, etc. The variations are not attributable to either 
the sodium or thallium dopant or any specific region of the crystal. 
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T1u 3 theniuil expansion coofficiont Is large compared to most metals and 
must be an Important consideration In the engineering design. Tire thallium 
doped crystal had a consistent 10 percent higher thermal expansion coefficient 
than the sodium doped cesium Iodide, 


Several discussions have been licld with technical representatives of 
llarshaw and the II ICAO 'H’IncIpal Investigators to devise methods of working with 
this unusual engineering material. The results of the testing, summarized In 
the taoles of this report, have been available to tire concerned principal Investi- 
gators and this information must be coupled with the scientific data to be 
obtained from the cesium iodide assemblies. 


CONCLUSIONS 


The basic mechanical and thermal properties of Csl(Na) and CsI(Tl) 
have been assembled in this report. Althougli the average values are provided 
for experiment design, the wide variation in som’^ of these values because of the 
crystalline and polycrystalline nature of the material are of comparable interest. 

Creep data will be available as an addendum to this report. Long term 
creep is especially needed because of the time involved between fabrication and 
launch into space. These measurements will be reported on a periodic basis. 


Since each cesium iodide configuration on HEAO is different, this report 
has primarily reported the testing results. For example, the ductility of cesium 
iodide is Imth an advantage and disadvantage depending upon the application. 

Each experiment must carefully consider the crystalline nature of cesium iodide. 


Additional testing jnay be reciuired because of experiment requirements 
hot previously identified. Some samples are available that can be used depend- 
ing Upon the nature of the test. 



TABLE 1. BASIC PROPEKTIES FOR im?ESTiaATION 


1. Tochnlcul Scope of Inciulry 

1.1 Gcneriil — The Inquiry should concern Csl, (sulUiblo lor scln- 
tlllutlon clcfcoetors) us procluccd by lUirshuw Chemical Comjniny. 
The purll’lcutlon, growtli, and other processes Involved In maUlng 
Csl scintillators are proprietary and may not be divulged. Each 
sample provided for test purposes will be evaluated for Its scin- 
tillation eri’leleney. No sample will be used which tails below 
some agreed upon performance. The recommended tests will be 
performed on a sufficiently large number of samples. 

1. 2 Mechanical Propertl^'s ~ Tlie following properties shall be 
measured for single and polvcrystalllne Csl. 

1.2.1 Young's modulus 
Bulk modulus 
Shear modulus 
Poisson ratio 
Tensile strength 
Fatigue 
Plastic flow 
Hardness 

The sample shape and orientation of single crystals 
shall bo chosen for eacli test to provide meaningful 
values of the intrinsic properties. 

1.2. 2 Effects of crystal boundaries on measurements of 

intrinsic properties; e. g. , slip shear stress, tensile 
strength. 

1.2 Thermal Properties — The following properties shall be 
measured for single and polycrystalliiie samples. 

1.2.1 Thermal expansion eoeffieients 
Thermal conductivity 

1.4 Optical Properties — The principal optical property deemed 
relevant to this program Is the transmission of the Csl to its 
scintillation radiation. Since in general the transmission is 
very high (i. e, , absorption is ~ 0. 001 cm"‘) , the measurement 
is difficult with normal instruments and samples of reasonable 
size. It is proposed that transmission measuring techniques 
be devised for use with samples relevant to the various exper- 
imental configurations. 



TABLE 2. CESIUM IODIDE SPECIMEN REQUIREMENTS 
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S denotes specimens doped with sodium; T denotes specimens doped with thallium. 



























































TABLE 3. APPLICABLE FOBMULAS‘^ 



Y = 2/1 (cr + 1) 


I- _ Y 

3(1- 2a) 

Y = 1.2015 
wluji’e 

IX = shear m&<liilus, cJynes/em^ 
p = densityj grams/cm® 

V,j, = transverse velocity, cm/sec 

a = Poisson's ratio 

V = longitudinal velocity, cm/sec 

Xj 

Y = Young's modulus, dynes/cm^ 

L = length, cm 

d = diameter, cm 

F,j, = transverse resonant frequency 

K = bulk modulus, dynes/cm^ 

a. From Non-Destructive Testing Handbook, Robert C, McMaster, Editor, 
Ronald Press Company, N, Y, , 1963, page 43,10, 


8 




TABLE 4. YOUNG'S MODULUS VALUES OBTAINED 
BY MECHANICAL MEASUREMENTS 



Hciwrtctl 111 the Lltci' aurc C'sl: 5. a x 10‘» tlyncu/cni*- 7. 7 x 10* psi 
I'roni Tniiisvorscj Vlin-iUloii, x 10*"' dyiios/cm* 


TluilUiim Doped 


illU'dlMlW 


InCilOpcft 


Average 


X to*** dyiiea/cm* 

















TABLE 5. MECHANICAL PROPERTIES FROiM ULTRASONIC VELOCO’Y MEASUREMENTS 



10 


LZS 12.97 1.88 6.348 I 0.92 0.29 







TABLE 6. TENSION TESTS 



Sami)lcs to. 10 cm (-1.0 in.) long were damped ?.J>J cm {1.0 in.) from each end for the.sl tests. 




TABLE 7. COMPRESSION TESTS 
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14.49 2.1 1600-6 232 Loaded to 1600. 6 X 10* «ljnes/cm^ 

(232 psi), then back to 0 




TABLE 7. (Continued) 
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dyncs/cm^ (392 psi) 











Young's Modulus, Y I Proportional Limit 








Young’s Modulus, Y I Proportional Limit 



5 


























TABLE e. THERMAL PROPERTIES OF DOPED CESIUM IODIDE 


Tharmal Expansion 

Reported In Literature, Csl 

5X 10“'’/° C 

Reported In Literature, Csl(Na) 

4.7X 10“'’/“ C 

MSFC Measurements, Csl(TI) 

5.4 X 10“®/° C 

MSFC Measurements, Csl(Na) 

4.9X 10"®/“ C 

Thermal Conduetlvlty at 0“C 

Reported In Literature, Csl 

29 X lo"** cal/sec cm^ “ C 

Reported In Literature, CsI(Na) 

500 X 10"'’ 

MSFC, Csl(TI) andCsl(Na) 

37 X 10"'’ at 0“C and 50“ C 
39 X 10"'' at 100“ C 
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9.66 X 10'“ dynes/cm- <1.4 x 10“ psil 
579.6 dynes/cm* (84 psi) 



Figure 1. Young’s modulus 
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Figure 2. Young’s modulus 
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Figure 4. Young’s modulus 
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